What is the sun protection factor?
The sun protection factor is defined as the ratio of the least amount of ultraviolet energy required to produce a minimal erythema on skin protected by sunscreen to the amount of energy required to produce the same erythema on unprotected skin. 4 Ten years ago most commercially available sunscreen products had sun protection factors of less than 10, but today there is a trend for higher factors. Most manufacturers make products with factors of 15 to 20, and it is not uncommon to find products claiming a factor of 50 or higher. Not to be outdone, the clothing industry has embraced the notion of sun protection and there is now a British Standard for its measurement.
5
How high should the sun protection factor be?
The primary function of sunscreens is to prevent sunburn, so just how high should the sun protection factor be to satisfy this requirement?
Maximum daily ambient ultraviolet levels, expressed in units of standard erythema dose, under clear summer skies are about 70 in the tropics, 60 at mid-latitudes approximating to those of southern Europe, and 45 for UK latitudes. 6 The standard erythema dose is a measure of erythemal ultraviolet radiation 7 ; it requires an exposure of about 1.5 standard erythema doses to produce just perceptible erythema in the unacclimatised skin of sun sensitive people who burn easily and never tan (skin type I), 8 about 2 in subjects who burn easily but tan minimally (skin type II), and 3 in subjects who will burn but tan readily (skin type III). 9 In the British population about 11%, 30%, and 31% of people are of skin types I, II and III, respectively.
1 Clinical studies have shown no difference in the erythemal response to ultraviolet radiation between children ( < 15 years) and adults. 10 People are unlikely to receive these maximum ambient exposures simply because it would be unrealistic to lie in the unshaded sun all day without moving. An extreme sunbather might spend half the time supine and half the time prone, resulting in a maximum exposure on much of the body surface of 50% of ambient. For upright people engaging in various outdoor pursuits-such as gardening, walking, or tennis-the exposure relative to ambient on commonly exposed sites-for example, chest, shoulder, face, forearms, and lower legs-ranges from about 20% to 60%. 11 So someone who is on vacation in southern Europe would receive a daily exposure of no more than 20 standard erythema doses over much of the body surface. As an exposure of 2-3 doses is necessary for a minimal erythema in the most common British skin types (II/III), a photoprotective device (sunscreen or clothing) need possess only a sun protection factor of 10 or more to give a holiday without sunburn. For tropical sun exposure, a protection factor of 15 or higher should be more than adequate for all day exposure.
Most summer clothing provides protection factors greater than 10; measurements on over 5000 fabrics submitted for testing to the Australian Radiation Laboratory revealed that 97% of fabrics fell into this category. 12 More than 85% of fabrics had protection factors of 20 or higher.
Why do people who use high factor sunscreens still get sunburnt?
If, then, sunscreens of sun protection factor 15 are sufficient to protect against sunburn even for all day exposure in tropical sunshine, why are people who usually or always use high factor (>15) sunscreen more likely to report sunburn than those who rarely or never use sunscreen? 13 Conversely, and not surprisingly, fewer people who usually or always sought shade, wore a hat, or wore covering clothes got sunburnt compared with those who rarely or never did so. 13 The protection offered by a sunscreen-defined by its sun protection factor-is assessed after it is phototested in vivo at an internationally agreed appli-
Summary points
If sunscreens were applied appropriately, to prevent sunburn there would be no need for sun protection factors higher than 15
People who use high factor sunscreens get sunburnt because of inadequate application . Yet a number of studies have shown that consumers apply much less than this, typically between 0.5 to 1.3 mg/cm 2 . 14-16 Application thickness has a significant effect on protection, with most users probably achieving a mean value of 20-50% of that expected from the product label as a result of common application thicknesses. 17 Compounded with this is the likely variability of protection over the skin surface because of application technique. 18 So the likely explanation for people getting sunburnt despite using high factor sunscreens is that inadequate amounts of sunscreen were applied or areas of the body were missed, or both, coupled with overexposure to the sun in the belief that they were protected. 2 Experience has led consumers to realise that if they want to spend several hours in the sun and avoid sunburn, they need to use products labelled with factors of 20, 30, or higher. The point is that if people applied sunscreens uniformly and appropriately there would be no need for sun protection factors higher than 15.
Time to abandon the sun protection factor?
Why don't manufacturers test sunscreens at an application thickness that reflects more closely consumer usage-for example, at 1 mg/cm 2 ? Achievement of international harmonisation about a change in methodology is problematic and time consuming. Any single manufacturer would be reluctant to change without this agreement as products currently labelled factor 20, say, would reappear as factor 10, putting the manufacturer at a commercial disadvantage.
It seems that we currently have a situation where consumers may be misled about sunscreen protection in a way that impacts adversely on behaviour but where the testing methodology is unlikely to change in the foreseeable future. One way forward is to use qualitative measures of protection, a proposal that has been made previously. 19 20 Manufacturers would continue testing products using an application thickness of 2 mg/cm 2 to determine the sun protection factor, but products would be labelled as providing low, medium, high, or ultrahigh protection if the measured factor was from 4 to 7, 8 to 14, 15 to 24, or 25 or higher, respectively. Products with protection factors of less than 4 would not be classified as sunscreens. Children and people in strong sunshine for many hours would be encouraged to use high or ultrahigh protection sunscreens, whereas those who wish to tan or are in shady areas might prefer medium or low protection products. Has the time come, therefore, to abandon numerical labelling, which has led to more confusion than clarity, and instead to label sunscreen products with qualitative measures which focus more on protection than on encouraging prolonged exposure to sunlight?
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